Ammonia production is an energy-intensive industry as it requires high temperature (400-500 o C) and also high pressure (150-300bar). This motivates research to finding greener and lower energy process for ammonia synthesis. In this work, Y 3 Fe 5 O 12 (YIG) nanocatalyst that has large surface area was synthesized. Ammonia was produced at ambient environment by using the Magnetic Induction Method (MIM).The Y 3 Fe 5 O 12 nanoparticles were prepared using the sol-gel technique and were sintered at three different temperatures (950-1150°C). The X-Ray Diffraction (XRD) patterns show the major peak at [420] plane with the value of a=b=c=12.38Åwhich indicates a cubic structure. The magnetic saturation (Ms) value of the samples is 16.6emu/g. The reducibility of the particles was described from the Temperature Program Reduction (TPR) profile at 806 o C where all the oxide phase is changed to metallic phase. Ammonia yield of 242.56µmole/h.g-cat was successfully obtained at 0 o C reaction temperature. It was observed that ammonia synthesis that was conducted at 0 o C temperature resulted in higher ammonia yield indicating a better spin alignment and hence improved catalytic activities.
Introduction
Ammonia is a chemical substance which has been used as an additive in various applications such as explosives and detergents. About 76% from the total production of ammonia has been applied in fertilizer industry. Unfortunately, the current production is only capable of producing only a 10-20% of ammonia yield. This major drawback is overcome by using nanotechnology and a magnetic method as a solution. Nanoparticles garnets demonstrate unique engineering and physical properties which can be used as an efficient catalyst, considering the factor of small size effect, large surface contact effect and quantum tunnelling effect. In recent years, wet-chemical routes such as sol-gel, self-combustion, co-precipitation and glycothermal approaches have been developed to circumvent the synthesis difficulties to prepare fine particles of pure garnet powders. The sol-gel method has been used in this work due to the advantage of inexpensive precursors, a simple preparation method and yet resulting in nanocrystalline powders [1] .
Garnet has a chemical formula of 3M 2 O 3 .5Fe 2 O 3 , where M is known as yttrium. All cations in garnets are trivalent and, as a result, there is no possibility of electron hopping through the material. The resistivity of garnets is extremely high and are rather weakly ferromagnetic. The yttrium does not have a magnetic moment since it does not have any free electron, so the net moment is due entirely to the unequal distribution of Fe 3+ ions in up-and down-spin sites. The antiferromagnetic super-exchange interaction results in three up-spin electrons for every two down-spin electrons, and the net magnetic moment of 5 µB per formula unit. Since the formula unit is very large, this leads to a small magnetization per unit volume [2] . The ferromagnetic garnet has been popularly used in very high frequency (microwave), telecommunication and data storage applications due to their interesting magnetic and magneto-optic properties [2, 3] and also widely used in electronic devices as isolators, circulators, transmitter, and transducers of acoustic energy [4, 5] . The selection of Febased catalyst for any chemical reaction under the magnetic induction strategy is based on the ferromagnetic nature of substance due to the way of inner unpaired electron are aligned in their crystal lattices (unpaired 3d electron). Fe has maximum five unpaired 3d electrons that offer spontaneous magnetism due to a positive exchange energy by parallel alignment of the magnetic moment. YIG nanoparticles provide another advantage of wide surface area and larger magnetic moment [6] . The objective of this work is to focus on a systematic investigation of Y 3 Fe 5 O 12 prepared by the sol-gel method in promoting the ammonia (NH 3 ) yield under the magnetic induction method (MIM). The ammonia synthesis was done at different temperatures, 0 o C and 25 o C in a 0.2 T reaction zone.
Methodology

YIG Preparation and Characterization
The garnet nano-crystals were prepared by an innovative sol-gel technique [4] [5] [6] . The starting solution was a mixture of iron nitrate Fe(NO 3 )3.9H 2 O and yttrium nitrate Y(NO 3 )3.6H 2 O. All the starting powders were dissolved in an aqueous solution of nitric acid. The mixtures were stirred continuously at about 150 rpm at room temperature until the formation of gel was observed. Later, the gel was dried at 110°C in an oven for about 12 hours. The dried powders were sintered at different temperatures (1000°C, 1100°C and 1200°C) for 4 hours in a furnace. It was then dry crushed using an agate and mortar for 1 hour to obtain the fine YIG nanoparticles powder. The phase and crystal structure of the prepared samples were identified by using a X-ray diffraction analyzer (Model PW 1830 Generator, Philips and PW 3210 MPD control, Philips). Field Emission Scanning Electron Microscopy (Philips XL30, Environmental FESEM) images were captured to reveal the surface morphology of the samples. The best YIG from the characterization was selected for further investigation on its efficacy as magnetic nanocatalyts material under the magnetic induction reaction environment.
Ammonia Synthesis by MIM using YIG Catalyst
The ammonia synthesis was done by placing 0.2g of catalyst inside the cylindrical acrylic chamber at room temperature (25°C) while allowing a continuous flow of hydrogen and nitrogen gas with 3:1 volume ratio for 30 minutes. This reaction was done in a magnetic field strength of 0.2 T. The resulting ammonia samples were collected after 30 minutes of reaction period. The experiment was then repeated at 0°C and comparative studies were made on the ammonia yield. Figure 1 shows the XRD pattern for Y 3 Fe 5 O 12 at three different annealing temperatures and it was found that the major peak was obtained for the (420) plane. It was calculated that the particle size was in the range of 95 nm -114 nm ( Table 1) . From the XRD patterns, single phase Y 3 Fe 5 O 12 was obtained at the annealing temperature of 950 o C. From the standard card SSNNNN 89-2609 (c), the structure of Y 3 Fe 5 O 12 is cubic garnet with the value of a=b=c=12.375Å. The particle size increases when the annealing temperature increases to 1150 o C. The highest intensity and the smallest particle size are for sample Y 3 Fe 5 O 12 which was annealed at 950 o C in air for 4 hours.
Field Emission Scanning Electron Microscope (FESEM) Result
The morphology of the Y 3 Fe 5 O 12 nanoparticles were characterized by FESEM and showed at Fig.2 . The particle size from this result is 222nm and 244nm in average. By increasing the annealing temperature, the particle size increases and less agglomeration occurred. Almost identical microstructure was observed for YIG sample and the individual particles seemed to be homogenous crystals structure with grain sizes below 1 µm. Most of the particles were agglomerated to each other in a regular and uniform manner to form a network-like structure and this is due to their high surface energy [7] . 
Temperature Program Reduction (TPR) Result
The reducibility of Y 3 Fe 5 O 12 was studied by using H 2 -TPR result (Fig. 3) . The temperature reduction and percentage hydrogen consumed are presented in Table 2 . It was observed that the first reduction occurred at 489 o C where Fe 2 O 3 was reduced to Fe 3 O 4. The second peak of reduction occurred at 692 o C. In this profile, Y 2 O 3 was reduced to YO and Fe 3 O 4 to FeO, respectively. The third peak which occurred at 806 o C is where all oxides were reduced to the metal metallic state [8] . Fig.4 shows the Ms value of the magnetization curve that has average intensity of magnetic field which explains the soft magnetic nature of the Y 3 Fe 5 O 12 sample. It is also found that low values of Ms may be due to higher surface to volume ratio of the Y 3 Fe 5 O 12 sample [9] . It has been studied that the variation of magnetic saturation Ms is due to the cation distribution in the spinel crystal lattice. The ratio of the MR to Ms of the samples is (0.945, 0.939), which shows the super paramagnetic behaviour of the Y 3 Fe 5 O 12 sample at room temperature [10] .
It is speculated that the magnetic properties of the ferrites may be influenced due to thickness, shape of the samples and particle size [11] . The coercivity value of Y 3 Fe 5 O 12 is 24.3O e (Table 3) . 
Ammonia Synthesis with Various Parametric Strategies
The synthesis of ammonia was conducted at 0 o C and 25 o C using Y 3 Fe 5 O 12 (YIG) nanocatalyst. -15,000 -10,000 -5,000 0 5,000 10,000 15,000 magnetization (emu/g)
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Journal of Nano Research Vol. 21 Fig.5 depicts the yield percentage of ammonia which is at 0 o C and 25 o C which resulted in 242.56 µmol/h.g-cat and 240.4 µmol/h.g-cat respectively. Raising the temperature of catalyst caused the thermal vibration to increase and resulting atomic magnetic moment free to rotate. This phenomenon allows the atoms to randomize the directions of moments that may be aligned by the external field. Increasing the temperature will disturb the direction of each spin and caused the spin to cancel out each other which resulted in a lower magnetization and thus reduced ammonia yield [12, 13] . Higher ammonia yield can also be speculated from the ortho-para hydrogen interconversion under the influence of the applied magnetic field [14] . The interconversion orthopara hydrogen depends on the relative realignment of the two proton spins in the molecule. This interconversion will then affect the chemical reaction. A singlet-phased pair of spins can be induced to switch into a triplet if their individual precession frequencies differ [15] . The quantitative of the discussion can be written by using Hamiltonian equation (Eq.2) as follows [15] :
The term s A -s B will vanished if f A = f B and this is the reason why the Larmor precession frequencies must be differ if singlet-triplet interconversion are to occur [14] . We also observed an endothermiclike behavior (Fig. 6 ). We speculate that more energy is needed for the conversion of ammonia dues to the three interpenetrating sub-lattices. We have yet to confirm this finding.
Conclusions
It is concluded that the YIG nanoparticles were successfully synthesized by sol-gel technique. Green ammonia was synthesized and a lower temperature resulted in higher ammonia yield by about 1.1 %.
